The twin reversed arterial perfusion (TRAP) sequence, also known as acardiac twinning, is a unique complication of monochorionic twin pregnancies that occurs in approximately one of 35,000 pregnancies and 1% of monozygotic twins [1] . The acardiac twin receives all of its blood from the pump twin through artery-toartery anastomosis, resulting in a retrograde flow of deoxygenated blood into the acardiac twin through the umbilical artery [2] . This results in poor or absent development of the heart and upper body in the acardiac twin and an increased risk of high-output cardiac failure, polyhydramnios, and the consequential death of the structurally normal pump twin [3] . Because of the high risk of perinatal death to the pump twin and polyhydramnios-related preterm delivery, an intervention to interrupt the blood flow to the acardiac twin is usually performed. A variety of minimally invasive treatment modalities, such as cord ligation, laser coagulation, interstitial laser therapy, and radiofre-ORIGINAL ARTICLE Korean J Obstet Gynecol 2012;55(8) 
Mi-Young Lee, et al. Perinatal outcome of TRAP sequence quency ablation (RFA), are widely used to achieve this [4] [5] [6] [7] . In a previous systemic review of these treatment modalities, it was concluded that intrafetal ablation is the treatment of choice because it is simpler, safer, and more effective than cord occlusion [8] .
There are only few case reports regarding the in utero intervention of the TRAP sequence in Korea. Thus, the aim of our study was to report our experiences of using RFA to treat fetuses with the TRAP sequence and to evaluate the perinatal outcomes of pump twins.
Materials and Methods
Following institutional review board approval, we retrospectively analyzed 26 pregnancies that were complicated by the TRAP sequence between July 1998 and September 2011 at Asan Medical Center, Seoul, Korea. Four pregnancies were lost after diagnosis of the TRAP sequence and, therefore, were excluded from further evaluation. All patients received a detailed high-resolution ultrasound, including color Doppler. The size of the acardiac twin was assessed by measuring the femur length of the acardiac twin, except in four cases where there was no identifiable femur. The presence of polyhydramnios, or fetal hydrops, and other associated anomalies in the pump twin were also evaluated. Indications for in utero RFA included an initially large femur size in the acardiac twin compared with the pump twin, which appeared as a size discrepancy of about 2 weeks, or a continuously growing femur in the acardiac twin with the presence of vascularity within the umbilical cord and/or associated polyhydramnios. The perinatal outcomes of the pump twins were evaluated by reviewing the medical records.
1. RFA technique RFA was performed under local anesthesia. Using real-time ultrasound guidance, a 17-gauge RFA needle with 2-cm tines (Boston Scientific, Boston, MA, USA) was inserted through the maternal abdominal wall into the fetal abdomen at the level of umbilical cord insertion (Fig. 1A) . RFA was started with 10 W of power for 30 seconds, and then the power was increased by 5 W every 30 seconds (Fig. 1B) . The procedure was stopped when the cessation of blood flow to the acardiac twin was confirmed by color Doppler (Fig. 1C ). Prophylactic tocolysis with intravenous magnesium sulfate or ritodrine and antibiotics were administered, as a routine protocol, before and after the procedure. An ultrasound examination was performed to assess the pump twin on postoperative day 1.
Results
Over the course of the study period, 22 fetuses were diagnosed with the TRAP sequence. Fifteen of the pregnancies were monochorionic-diamniotic pregnancies and four were monochorionicmonoamniotic. Three patients had triplet pregnancies. The median gestational age at diagnosis was 17.4 weeks (range, 11.0 to 27.0 weeks). Three cases were associated with polyhydramnios and one case demonstrated cardiomegaly with associated polyhydramnios in the pump twin, but none developed fetal hydrops. Two cases were diagnosed with associated anomalies but had a normal karyotype. Two fetuses had only one umbilical artery, and one of these also presented with congenital heart defects; specifically, right aortic arch and bilateral superior vena cava. Of these 22 cases, in utero RFA was performed in 11 cases (50%), alcohol ablation was performed in one case (4.5%), and the remaining 10 cases (45.5%) received conservative management. The outcomes of the in utero interventions are listed in Table 1 . The median gestational age at the time of the in utero interventions was 21.0 weeks (range, 17.6 to 25.0 weeks). All cases associated with polyhydramnios underwent in utero intervention (three RFA and one alcohol ablation). In case 10, although the discrepancy between the femur lengths of the pump twin and acardiac twin was 4.4 weeks, the femur had became longer by the time of the follow up ultrasound examination, and RFA was therefore performed. All of the pump twins survived immediately after RFA, however three fetuses died at least 3 weeks after receiving RFA. Two cases of intrauterine fetal death occurred because of Mi-Young Lee, et al. Perinatal outcome of TRAP sequence cord stricture at 26.6 weeks and 21.4 weeks of gestation, occurring 4.3 and 3.5 weeks after RFA, respectively (cases 1 and 6). In another case, a bulging amniotic membrane occurred after RFA and, despite emergency cerclage, the fetus was delivered without viability at 23.4 weeks of gestation (case 5). Before the introduction of RFA at our center, there was one case of alcohol ablation in a monoamniotic acardiac twin (case 12). Ultrasonographic findings at 23.3 weeks demonstrated severe hydropic changes in the acardiac twin and polyhydramnios in the pump twin. Under continuous ultrasound guidance, 2.5 mL of absolute alcohol was injected into the umbilical artery of the acardiac twin using the 22-gauge spinal needle. Immediately after alcohol injection, the pump twin demonstrated bradycardia and subsequently died after 30 minutes. Of the 11 fetuses who received RFA, six (55%) were delivered before 37 weeks of gestation. The reasons for these preterm deliveries included preterm premature rupture of the membrane (PPROM; cases 10 and 11, both survived), preterm labor (case 5, resulted in death), cord accident (cases 1 and 6, neither survived) and intrauterine growth retardation (case 4, survived). Table 2 demonstrates the outcomes of fetuses with the conservative management. The acardiac twins with an initially small femur compared with the pump twin, a discrepancy of greater than 3 weeks, no change or decline in femur length and/or cessation of blood flow in consecutive scans were observed carefully without interventions. Neither fetuses in these cases showed femur growth compared with the initial measurement nor were associated with polyhydramnios or cardiomegaly. One case resulted in the death of the fetus in early gestation. Three fetuses were preterm deliveries due to preterm labor and intrauterine growth retardation (cases 1, 5, and 10). The overall neonatal survival rate was 77% (17 of 22 fetuses). The median gestational age at delivery was 37.3 weeks (range, 30.2 to 40.1 weeks) and there was no significant difference in gestational age at delivery between in utero intervention and conservative management group (P=0.277). Three women with triplet pregnancies delivered at 33.6, 30.2, and 35 weeks of gestation, respectively. All of the surviving infants are doing well without complications.
Discussion
The mortality rate of the pump twin has been reported as greater than 50% because of complications due to congestive heart failure, polyhydramnios, cord entanglement, and preterm labor [2, 3] . With proper in utero treatment, the normal (or pump twin) can survive with a good clinical outcome. Our study shows that 8 of the 11 pump twins who were treated with RFA (73%) survived without complications. Although this survival rate is lower in comparison with other studies, which are 92%, 86%, 94%, 100%, respectively [7, [9] [10] [11] , our results are worthwhile as the first and largest series performed in Korea. There are only 2 other case reports in Korea on the successful use of in utero intervention to manage the TRAP sequence. In 2004, Lee et al. [12] reported the use of intra-abdominal alcohol ablation. Another case, which was treated using RFA, was reported by Jang et al. [13] in 2010. The use of intrafetal RFA to treat the TRAP sequence, which is the most recently reported technique, was first reported in 2002 [9] . The authors concluded that RFA can effectively obliterate the blood supply to the acardiac twin. At that time, they used a 3-mm, 14-gauge RFA needle, and 3 of 13 infants (23%) were delivered preterm because of PPROM. Although from this result, Tan and Sepulveda [8] suggested the possibility that membrane ruptures and preterm delivery are associated with the use of the larger devices than other modalities (e.g., alcohol ablation, monopolar diathermy, and interstitial laser), the morbidity related to RFA was not accepted as the only series reported at that time. Since then, 3 more series have been published on the efficacy of RFA [7, 10, 11] . Lee et al. [7] reported an update to their initial experiences. They used a 17-gauge needle, which is approximately 1.3 mm in diameter, to treat 6 cases. The second series by Livingston et al. [10] demonstrated that using a 19-gauge needle resulted in only 1 of 13 cases (8%) that were treated with RFA to be delivered in less than 32 weeks due to PPROM. Although no details regarding preterm delivery were noted in the latest series, the authors reported a 100% survival rate for their 7 RFA cases [11] . Along with the development of these instruments, RFA has become known as a safe and effective treatment modality. This study includes four monochorionic-monoamniotic pregnancies that all underwent in utero intervention (three RFA and one alcohol ablation). Intrauterine fetal death occurred in one case that was treated with RFA and alcohol ablation, respectively. An amniotic band caused cord stricture and the subsequent death of the pump twin after RFA. Among those that survived, RFA were performed at 20.6 and 20.4 weeks of gestation and two infants were delivered at 39 and 34.6 weeks of gestation, respectively. So far, there are no reports on the successful use of RFA to treat a monoamniotic acardiac twin. Despite the relatively high mortality rate of monoamniotic twins, mainly because of cord entanglement, here we report two cases with good clinical outcomes. This result could be very useful for counseling parents about the effects of intervention for treating monoamniotic twins who already at high risk. At our institution, intervention was determined by measuring the femur length, instead of the weight of the acardiac twin, which is the limitation of our study. We measured only the femur length, and when it was large enough in size to those of the pump twin or gradually increased with serial scans, intervention was performed. The femur is easily detected by ultrasound in the acardius acephalus, which is the most common form of the acardiac twin and may grow in proportion to whole body mass. Thus the growth of acardiac twins can be assessed by measuring the femur length. However, the femur does not reflect the whole body in cases of acardius acormus or acardius amorphous, in which case no definite femur is present. The weight of the acardiac twin can be determined by several methods. Moore et al. [3] described the formula for measuring the weight of the acardiac twin (weight
[cm]), and when the acardiac twin: pump twin ratio is greater than 70%, the incidence of preterm delivery, polyhydramnios, and congestive heart failure increases [3] . However their reports were based on postmortem measurements and provide limited applications to prenatal diagnosis. Wong and Sepulveda [14] proposed a new classification system based on abdominal circumference (AC), and they suggested that prompt intervention is necessary when the AC ratio between the acardiac and pump twin is greater than or equal to 50% [14] . The estimated fetal weight can also be calculated by measuring the acardiac twin in three dimensions (longitudinal, anterior-posterior, and transverse). Some authors concluded that conservative management with close monitoring may be safe when the weight ratio between the acardiac and pump twin is less than 50% [11] . However, nothing has been identified as the most accurate method for evaluating acardiac twins. Therefore, in order to maximize perinatal outcomes, standardized assessments are needed. In our series, none of the pump twins developed fetal hydrops, indicating that the serial antenatal surveillance for determining the optimal timing for intervention is important. However, there is still no consensus regarding the appropriate follow-up interval and timing of intervention. Our recommendation is that when a diagnosis is made, patients should be followed up weekly and if any important signs are present (e.g., increase in the size of the acardiac twin, fetal hydrops, congestive heart failure, polyhydramnios, etc.), then prompt management is warranted. Intervention is best performed after 16 weeks of gestation because an earlier intervention carries technical difficulties and a higher risk of miscarriage, but prior to 20 weeks because interventions later than this are associated with a higher incidence of obstetrical complications. RFA is a minimally invasive, effective technique for treatment of the TRAP sequence and allows the continuation of the pregnancy with a good clinical prognosis.
